Q fever (query fever) is a zoonosis caused by *Coxiella burnetii* (*C burnetii*) that can cause acute or chronic human disease with varying manifestations.[@b1-asm-5-464] Acute Q fever frequently presents as a self-limiting flu-like illness with sudden onset, high-grade fever, headache, weight loss, myalgia, cough, or atypical pneumonia or hepatitis.[@b2-asm-5-464] In the absence of appropriate treatment the fever usually lasts for 1 to 3 weeks, and in a relatively small proportion of patients fever may persist for a longer duration.[@b3-asm-5-464] Unlike acute, chronic Q fever can manifest within months or years after symptomatic or asymptomatic infection in the form of endocarditis, vascular infections, chronic hepatitis, osteoarthritis, ostemyelitis, or pulmonary infections.[@b2-asm-5-464] Endocarditis is a typical presentation in patients with pre-existing valvular or vascular defects.[@b4-asm-5-464] If left untreated, *C burnetii* endocarditis is always fatal compared to less than 2% mortality rate reported in acute Q fever.[@b5-asm-5-464]

Because of the non-specific and diverse presenting symptoms of acute Q fever, the diagnosis is usually missed because the health care providers do not suspect the illness. This was evident in a seroepidemiological survey for *C burnetii* conducted on hospitalized US troops deployed in Iraq. A significant number of soldiers who were actually suffering from Q fever had an initial diagnosis of a febrile illness of unknown, pneumonia; organism not specified and unspecified viral infection were later found to be suffering from Q fever.[@b6-asm-5-464] Compared with the adults, children are less likely to have symptoms and usually suffer from a milder form of the illness. Although Q fever is a self-limiting disorder in a vast majority of children, it may follow a course of relapsing febrile illness lasting for several months in some children.[@b7-asm-5-464] Furthermore, Q fever in children may present with skin rash,[@b8-asm-5-464] gastrointestinal symptoms,[@b9-asm-5-464] or more sever manifestations such as hemolytic uremic syndrome,[@b10-asm-5-464] acute cholecystitis,[@b11-asm-5-464] or rhabdomyolysis.[@b12-asm-5-464] Similarly, Q fever infection shortly before conception or during pregnancy has been implicated in miscarriage, premature birth, intrauterine growth retardation, and stillbirths.[@b13-asm-5-464] Collectively, these observations highlight the importance of screening for *C burnetii* infection, particularly, in clinical situations posing a diagnostic challenge.

*C burnetii* exists in 2 antigenic phases referred to as phase I and phase II. Phase I is a highly virulent infectious form that transforms into an avirulent phase II after serial laboratory passages. Acute Q fever is characterized by a phase II antibody response that is higher than a phase I response associated with chronic infection.[@b2-asm-5-464] Serological diagnosis of Q fever is most commonly made by using commercially available immunofluorescence assay (IFA) in the US.[@b14-asm-5-464] The assay detects *C burnetii* phase II--specific IgG, and the demonstration of fourfold rise in the antibody titer between acute and convalescent phase sample taken 3 to 6 weeks apart is considered diagnostic. Using IFA, this study was performed at the Immunology unit of King Khalid University Hospital, Riyadh, Saudi Arabia, to detect the presence of *C burnetii*--specific IgG antibodies in sera samples from patients who were being investigated for pyrexia of undetermined cause (PUC).

PATIENTS AND METHODS
====================

This prospective study was performed at the Immunology Unit of King Khalid University Hospital, Riyadh, between March 2011 and January 2013. After obtaining the informed consent, 3 mL of venous blood sample was collected from each patient and control. A total of 51 patients including 30 males and 21 females (mean age 33.9 \[21.3\], range 6--78 years) with the history of febrile illness of duration ranging between 4 and 8 weeks were included in the study. This group of patients included 6 patients who were either equal to or less than 12 years of age. These patients had already undergone exhaustive investigations for PUC. Apart from the routine laboratory investigations, all the patients had been tested negative for the presence of common causes for their febrile illness such as blood culture, antibody detection for brucellosis, typhoid fever, and serological tests for other bacterial and viral infections. A single blood specimen was collected from patients for screening purposes because all the patients were ill for more than 4 weeks and patient follow-up was not possible in the Immunology unit. Similarly, clinical details of the patients could not be retrieved because of the lack of access to clinical data. Relevant details regarding the serological workup of the patients were extracted from patient laboratory records available in the hospital information system. Blood samples were also collected from 50 healthy blood donors as a control group after having been declared fit to donate blood following routine screening for microbial infections. This group included 39 males and 11 females (mean age 27 \[9\], range 19--39 years).

Detection of anti-*C burnetii* antibodies
-----------------------------------------

Phase II anti--*C burnetii* IgG antibodies were detected in sera samples using an IFA kit (Vircell, S. L. Pza. Dominguez Ortiz I. Poligono Industrial Dose de Octubre. 18320 Santa Fe, Granada, Spain). Each slide in the kit had 10 spots coated with *C burnetii* phase II, Nine Mile strain (ATCC 616-VR) grown in MRC-cells. The organisms were inactivated with formaldehyde and were fixed with acetone. The serum sample was initially diluted at 1:64, and then twofold dilutions were made for the titration of positive samples up to a maximum of 1:2048 when required. Diluted sera samples along with the positive and negative controls were overlaid onto the antigen spots and incubated at 37°C in a humidified chamber for 30 minutes. After the incubation, the slide was washed twice with phosphate-buffered saline and once with distilled water. After washing, the slide was air dried, and 20 μL anti-human IgG fluorescein isothiocyanate--conjugated antibodies were added to each antigen spot and then the slide was incubated for 30 minutes at 37°C in a humid chamber. Finally, the slide was washed as described previously and dried in air. Then a drop of mounting medium was added to the slide and it was examined immediately under 400× magnification using fluorescence microscope (Axioskop 2 plus; Zeiss, Gttingen, Germany). Apple green fluorescence of coco-bacillar morphology detected at the serum dilution of 1:64 or more was considered a positive test in accordance with the recommendations of the manufacturers.

RESULTS
=======

[Figure 1](#f1-asm-5-464){ref-type="fig"} describes detection of *C burnetii* phase II antigen--specific IgG using IFA among the patients and the controls. Among the 51 patients investigated, 18 (35.2%) tested positive for the presence of *C burnetii*--specific IgG antibodies. Two (4%) individuals among the 50 normal healthy controls were found to harbor *C burnetii*--specific IgG antibodies in sufficient titers to yield a positive result. A comparative analysis of the proportions tested positive for *C burnetii*--specific IgG antibodies in 2 groups revealed that the reactivity was significantly higher among the patients when compared with the normal healthy controls (*P*\<.0002, 95% CI, 15.09--46.25). [Table 1](#t1-asm-5-464){ref-type="table"} shows data for the distribution of detected titers of *C burnetii*--specific IgG antibodies among patients and controls. The titers among the patients varied between 1:128 and 1:1024 where 6 patients had titers of 1:256, 5 had 1:512, 4 had 1024, and 3 had 1:128. The titers in 2 normal healthy individuals who tested positive were 1:128 and 1:256.

DISCUSSION
==========

This study revealed that a significantly higher proportion of patients being investigated for PUC were harboring diagnostic titers of *C burnetii* phase II--specific IgG antibodies, indicating that they may have been suffering from acute Q fever. Interest in Q fever appears to be increasing worldwide as indicated by several publications on the subject in the past.[@b15-asm-5-464]--[@b17-asm-5-464] This could be attributed to improvement in diagnostic tests contributing to the modification of clinical signs and symptoms of Q fever or to better awareness among treating physicians. Q fever continues to be a less sought for infection in Saudi Arabia. To best of our knowledge, the last 2 reports on Q fever in Saudi Arabia were published in the years I96618 and 1968.[@b19-asm-5-464] This was followed by a single case report of *C burnetii* endocarditis in 1997.[@b20-asm-5-464] The paucity of data from Saudi Arabia indicates the lack of awareness among the physicians and scientists. The findings of the present study---although in a relatively small number of patients---provides substantial evidence of the presence of Q fever in Saudi Arabia.

The control group in this study comprises healthy blood donors, and among them 4% were found to carry the evidence of *C burnetii* infection. A study conducted in France investigating seroprevalence of Q fever in humans has reported 3% reactivity among 620 blood donors tested for the presence of *C burnetii* infection, whereas in 785 individuals from general population when screened for *C burnetii* infection using IFA 5% tested positive.[@b21-asm-5-464] Similarly the national seroprevalence rate in the US is estimated to be 3.1% based on data from the National Health and Nutrition Examination Survey (2003--2004).[@b22-asm-5-464] In addition, asymptomatic *C burnetii* infection followed by seroconversion is a known phenomenon and has been reported in around 60% of cases identified during outbreak investigations.[@b2-asm-5-464],[@b23-asm-5-464] These asymptomatic infections may therefore contribute to the seroprevalence of Q fever among the general population. Although the seroprevalence of Q fever among the blood donors in the present study is no different than the previously reported figures, the number of the donors tested in the present study was however much smaller and may not represent the actual seroprevalence in the local population. Furthermore, the detection of Q fever among donors is a significant risk for the transmission of Q fever through blood transfusion. Large scale studies should be performed to determine the seroprevalence of Q fever in Saudi Arabia.

The seroprevalence of infection by *C burnetii* in humans as high as 36% has been reported from Canary Islands in an outbreak of Q fever.[@b24-asm-5-464] Similarly, being a zoonotic infection, 18% of farming population in Eastern Poland has been reported to harbor the evidence of *C burnetii* infection.[@b25-asm-5-464] Seroprevalence data for Q fever in Saudi Arabia are lacking. It is therefore difficult to compare the findings of the present study with the seroprevalence rates elsewhere because of the selection bias. Significantly higher percentage (35.2%) of patients with *C burnetii*--specific IgG antibodies found in the present study in a selected group of patients, however, emphasizes the need for the introduction of Q fever screening among the investigations routinely performed to investigate febrile illnesses. Similar recommendations have also been made in a study from Switzerland where 2 cases of PUC were found to be suffering from Q fever.[@b26-asm-5-464]

The recommended practice of a fourfold increase in phase II *C burnetii*--specific IgG antibodies between the acute and convalescent samples taken 3 to 6 weeks apart makes this primarily a retrospective diagnosis. The testing of paired sera samples is also preferred due to the fact that seroconversion after symptomatic or asymptomatic infection, *C burnetii* antibodies may remain detectable for years or for life.[@b27-asm-5-464] In the early stage of the infection, specific antibodies are usually not detectable, and reliance on the PCR detection of *C burnetii* DNA for diagnosis may be a more useful approach. Because of the low level of specific antibodies in the early stages of the disease, IFA may yield a negative result in an acute phase sample of a patient suffering from Q fever. Despite these limitations, it is generally agreed that the detection of phase II IgG antibody titer either equal to or more than 1:128 in a single serum sample from a patient who is ill for more than 1 week, indicates acute *C burnetii* infection.[@b14-asm-5-464] Early detection of Q fever is of paramount importance because in approximately 2% of symptomatic patients with acute Q fever, the disease progresses to chronic Q fever that is associated high morbidity and mortality.[@b28-asm-5-464] The detection of *C burnetii*--specific IgM antibodies as a single diagnostic test for *C burnetii* has a limited clinical application. This is primarily due to the observations that *C burnetii*--specific IgM antibodies may persist for more than 1 year in some cases, IgM antibodies against *C burnetii* are less specific than IgG antibodies and exhibit a high cross-reactivity with *Coxiella, Legionella*, and *Bartonella*.[@b29-asm-5-464],[@b30-asm-5-464] Only 3 patients in the present study had a 1:128 titer of phase II *C burnetii*--specific IgG antibodies, whereas the rest of the patients had significantly higher titers of IgG. These findings therefore suggest that there is increased likelihood that all the patients who tested positive for the presence of phase II IgG antibodies were suffering from acute Q fever. This study was, however, limited because of the non-availability of paired sera samples, thus lacking the confirmation of diagnosis of Q fever on the basis of rising titers of *C burnetii*--specific IgG antibodies.

The evidence of Q fever prevailing in a substantial number of patients with PUC, however, indicates that the fever exists in the Kingdom. It also emphasizes the need for the introduction of appropriate test for Q fever on a regular basis while investigating PUC. The presence of Q fever among blood donors also poses a serious threat of blood-borne transmission of the disease and necessitates the need for the introduction of Q fever screening in transfusion services. Large scale studies are also recommended for the assessment of prevalence of Q fever in Saudi Arabia.
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###### 

Distribution of phase II *Coxiella burnetii* (*C burnetii*)--specific IgG antibody titers among patients with pyrexia of undetermined cause (51) and healthy blood donors (n=50).

  S \#   Anti--*C burnetii* titer (patients)   Anti--*C burnetii* titer (controls)
  ------ ------------------------------------- -------------------------------------
  1\.    1:128                                 1:128
  2\.    1:128                                 1:256
  3\.    1:128                                 \-
  4\.    1:256                                 \-
  5\.    1:256                                 \-
  6\.    1:256                                 \-
  7\.    1:256                                 \-
  8\.    1:256                                 \-
  9\.    1:256                                 \-
  10\.   1:512                                 \-
  11\.   1:512                                 \-
  12\.   1:512                                 \-
  13\.   1:512                                 \-
  14\.   1:512                                 \-
  15\.   1:1024                                \-
  16\.   1:1024                                \-
  17\.   1:1024                                \-
  18\.   1:1024                                \-
